Abstract -In this paper, the predictive capacity of a wastewater treatment process model was studied to find out how well the model works and to propose its use as a tool to help improve control of effluent BOD (biochemical oxygen demand) for the wastewater treatment facility being studied. The mathematical process model for the existing facility was obtained from literature with few added modifications to accommodate certain requirements of the actual setup. A Complete Mix Flow Reactor with recycle was assumed together with Monod and Contois growth models for the microbial growth kinetics assumptions. Using historical process data from the daily operations of the plant, model parameters were estimated and then verified using linear regression. The results of the study show that the use of historical process data posed some limitations to modeling that resulted to moderate correlations between observed and predicted values for effluent BOD except for the prediction of average MLSS. Despite these observations, it was found out that Monod-based model works better than the Contois-based model for the wastewater treatment system studied.
INTRODUCTION
Industrial effluents such as wastewater constitute a major impact on the environmental condition of receiving bodies of water and ultimately human health. It is of prime concern, therefore, for government's regulatory agencies to ensure that industries comply with effluent standards through technologies of wastewater treatment facilities that reduce the amount and concentration of harmful water pollutants. Today, industries are able to manage the pollutants found in their effluents to safe levels. However, wastewater treatment plant operators and engineers still encounter operational problems due to uncertainties in influent characteristics and operational variations, which affect the quality of effluent. In this regard, a tool can be developed, such as a process model that can be used to consider the effects of process variables on the performance of the biological reactor. Koloini et al. (2001) found the effective use of mathematical modeling for process optimization and troubleshooting for full-scale treatment plants that use activated sludge process provided that model predictions and experimental or field observations agree.
Problem
This study sought to answer the question: Is the mathematical process model chosen in the study effective in predicting the effluent BOD and biomass concentration of the actual wastewater treatment facility being modeled?
Importance of the Study
This study will provide wastewater treatment operators and engineers with an additional tool to help them in predicting the quality of effluent based on other process variables. Utilization of historical process data, which is readily available to the operators and engineers, will be an alternative to the more commonly used experimental data obtained from pilot or bench scale reactors.
For academic purposes, the study is deemed to provide engineering students with a fuller grasp of the underlying principles in wastewater treatment modeling through participation in data analysis.
Local communities will be benefited from more reliable performances of industrial wastewater treatment facilities installed near the dwellings of residents.
Future researchers, who will be interested in modeling wastewater treatment plants especially for industry sector, will gain insights into the application of field data to modeling exercise.
Literature Review
Industrial process wastewaters vary in terms of volume and pollutants present. The type of treatment applied prior to disposal will depend on these factors. The contaminants may be classified as suspended solids, dissolved solids, inorganic pollutants, organic pollutants, and pathogenic microorganisms. In general, the treatment of these water contaminants may be grouped into physical, biological, and chemical treatment methods (Henry and Heinke, 2000) . For organic contaminants, biological treatment is applied that makes use of the ability of microorganisms to decompose organic matters present in wastewater.
There are now several technologies being used to carry out effective biological treatment of wastewater. The most common is the conventional activated sludge process that has several modifications based on treatment requirements and design constraints. The biological reactions that take place during the treatment of wastewater by microorganisms can be described by chemical equations where organic matter is converted by action of microorganisms with oxygen to carbon dioxide, water, new cells, and other by-products (Metcalf and Eddy, 1991) .
Using the principle of material balance for constant mix flow reactor (CMFR) type, growth kinetics, and reactor design, the differential equation will be simplified by steady state assumption to come up with the following model equations:
The second equation makes use of Monod's kinetic growth model to describe bacterial activity. When Contois growth model is used, the second equation should be in the form below.
The last two equations differ in a way that Contois considers microbial growth inhibition by biomass. Linearization of these equations will simplify the determination of the required parameters.
In the context of mathematical modeling, several works have been published and many deal with pilot-scale experiments for actual wastewater systems. Remarkable agreement between the mathematical model predictions and the real pilot plant quantities on the effluent parameters for steady-state conditions has been obtained on studies with wastewaters (Koloini et al., 2001 ). A mathematical model for an activated sludge unit treating 2,4 dichlorophenol (DCP) containing synthetic wastewater was also developed where kinetic constants like specific rate constant (k), saturation constant (Ks), and DCP inhibition constants were estimated using experimental data obtained at different detention times and sludge age (Eker and Kargi, 2006) . The study was able to produce model predictions using the estimated constants that were in good agreement with experimental data. In another mathematical modeling study, predictions using Monod and Contois kinetic models were conducted and good correlation of the predicted and experimental values in the effluent BOD was obtained (Hu et al., 2001 ). The Contois model correlation coefficient was 0.9899, which was higher than 0.9797 of Monod.
Some other studies especially on municipal wastewater treatment systems show results that favor Monod kinetics with parameters in agreement with those found in the literature (Kapagiannidis et al., 2006) . Alvarez et al, (1991) also found that Monod's equation adequately described the aerobic biodegradation rates of benzene and toluene by microbial population of a sandy aquifer.
OBJECTIVES OF THE STUDY
This study aimed at coming up with a verified a mathematical process model of a biological treatment system using historical process data from actual operations.
Specifically, the study sought to:
1. determine the model parameters µ m , K s , Y, and k d . 2. determine the best-fit kinetic growth model for the biomass. 3. determine whether the mathematical model, with the use of the model parameters, will have a high predictive capability on effluent BOD and biomass concentration.
Scope and Limitation
1. The model used actual process data of the treatment facility instead of the commonly used experimental data from benchscale reactors. 2. The actual physical setup (reactor) is modelled using the complete mix flow reactor type. 3. The BOD concentration was estimated from the COD data by a correlation factor. 4. MLSS was used for biomass concentration instead of MLVSS. 5. pH, temperature, and concentration of other nutrients were considered constant.
METHODOLOGY
The study used mathematical modeling process that involves parameter estimation and model verification using actual process data. The model verification process is depicted in the figure below.
Historical process data from daily operations of the wastewater treatment plant was gathered and subjected to data analysis. About a year's operation of the wastewater treatment plant was retrieved from operations' log sheets that included the sludge age (SRT or θ c ) , influent BOD (S 0 ), effluent BOD (S), MLSS in the reactor (X), return activated sludge (RAS), tank volume, hydraulic retention time (HRT), and flow rates in and out of the reactor. Other parameters like pH, nutrients, and temperature were considered constant and not considered in the model.
Initial treatment of raw data was necessary to eliminate incomplete data sets. The entire data collected were split into two by random selection. The data were tabulated as shown in the appendices. The training set (appendix A) with 113 data sets was used to estimate model parameters while the verification set (appendix B) with 112 data sets was used to verify the model. Linear regression was used in both the estimation and verification steps.
For estimation of parameters Y and k d , the quantities 1/SRT and S 0 -S/XHRT were calculated using the training set, tabulated, and then regressed based on equation 1 (Metcalf and Eddy, 1991) . The values of the slope and intercept of the regression equation The other two model parameters, namely the saturation constant (K s ) and the maximum specific growth rate (µ m ), were estimated using equation 2 for Monod-based model and equation 3 for Contois-based model. The quantities XHRT/S 0 -S, 1/S, and X/S were calculated using the training set, tabulated, and then regressed based on the two equations. The values of the slope and intercept were used to compute for parameters K s and µ m . Verification of the model was accomplished by getting the correlation coefficient between observed values taken from the verification set and the ones calculated using model equations 4, 5, and 6. Realizing this, data was subjected to an initial treatment before using them as input to the model. The ratio between (1/SRT) and (S 0 -S/XHRT) was obtained and the mean and standard deviation calculated. Then the relative distance between individual data points and the mean was determined to establish a basis for determining which data set is more useful for the model. Those data whose distances fall within one standard deviation were considered as input for the model. Furthermore, the need to increase correlation among variables in the regression process requires that some data that affect negatively the result be excluded. The result for the estimation of the first two model parameters is shown in figure 2. 
DISCUSSIONS AND CONCLUSIONS
The results of parameter estimation and model verification are summarized in the tables below. Table 1 shows the values of the model parameters estimated using historical process data. Comparing these with values from literature for municipal wastewater treatment plants, Y is around 0.6 mgVSS/mgBOD 5 while endogenous decay coefficient k d is normally in the range of 0.025 to 0.075 per day. K s will normally be in the range from 15 to 70 mg/l COD and µ m is around 0.3 per day. However, the values obtained in this modeling exercise do not all coincide with literature values, which could be attributed to the fact that industrial wastewater which, is studied here, differs much in terms of physical, biological, and chemical characteristics to that of municipal wastewater. These parameters were used in the chosen model to predict the effluent BOD and the average MLSS. Table 2 shows that the model used in this study moderately satisfied the requirement for prediction. The Monod-based model got a coefficient of 0.369, much higher than the Contois-based model with just 0.296. Howeveer, this is not as high as compared to results obtained by other studies due to the fact that industrial process may contain large amount of data but less value in terms of information (George et al., 2009) . The prediction of average MLSS suffered more than the effluent BOD with a coefficient of 0.006. This aspect needs to be given more attention considering the characteristics of sludge in the reactor, how they are sampled, and determined.
Several other things can be pointed out with respect to these observations. One is the number of assumptions used to simplify the model at the expense of model accuracy. This factor cannot be avoided but may be minimized if the researcher has more control over his data or has a way of obtaining additional information not usually determined during normal plant operations. Schraa et al. (2006) emphasized the necessity of analyzing historical data to determine if additional data is necessary. There may also be a need to characterize influent wastewater that requires information not usually recorded by most industrial wastewater treatment plants. For instance, most modeling requires the use of ultimate BOD or Biodegradable COD for input data, but in this study only a correlation for BOD to COD is used because it is the only one available. George et al. (2009) also pointed out the use of multivariate statistical tools like PCA in detecting fault in process. This factor may also be one of the sources of much variability in the behavior of historical process data where advanced statistical tools are necessary for preparation of data intended for modeling.
In addition, another source of non-ideal behavior in modeling could be the occurrence of non-steady state flow in the process as production rates vary from time to time since lots of models are developed based on steady state assumption. Moreover, the model that was used in the study is based on the complete mix reactor setup, while the actual setup is a complete mix in series that can be better modeled with plug flow analysis but with more complicated mathematics.
Based on results and observations, it is realized that a more effective modeling exercise for a wastewater treatment plant may include several considerations. One is control over the variables ,which puts experimental methodologies of more relevance over the use of plain historical process data especially in processes as complex as wastewater treatment. However, when historical data are readily available, the consideration of cost and practicality may prove its importance to modeling. Another is the use of process faults detection methods using advance statistical tools that may help improve the quality of data. Subjecting data for initial data analysis and characterization will be also of much help in improving inputs for the model. Still another possibility of improving the effectiveness of historical process data is whether the present facility setup and the wastewater system allows for the collection of supplementary information to check the quality of data for a more reliable calibration of the model.
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